Mechanisms for clearance of released N-acetylaspartylglutamate in crayfish nerve fibers: implications for axon-glia signaling.
Crayfish nerve fibers incubated with radiolabeled glutamate or glutamine accumulate these substrates and synthesize radioactive N-acetylaspartylglutamate (NAAG). Upon stimulation of the medial giant nerve fiber, NAAG is the primary radioactive metabolite released. Since NAAG activates a glial hyperpolarization comparable to that initiated by glutamate or axonal stimulation through the same receptor, we have proposed that it is the likely mediator of interactions between the medial giant axon and its periaxonal glia. This manuscript reports investigations of possible mechanisms for termination of NAAG-signaling activity. N-acetylaspartyl-[(3)H]glutamate was not accumulated from the bath saline by unstimulated crayfish giant axons or their associated glia during a 30-min incubation. Stimulation of the central nerve cord at 50 Hz during the last minute of the incubation dramatically increased the levels of radiolabeled glutamate, NAAG, and glutamine in the medial giant axon and its associated glia. These results indicate that stimulation-sensitive peptide hydrolysis and metabolic recycling of the radiolabeled glutamate occurred. There was a beta-NAAG-, quisqualate- and 2-(phosphonomethyl)-pentanedioic acid-inhibitable glutamate carboxypeptidase II activity in the membrane fraction of central nerve fibers, but not in axonal or glial cytoplasmic fractions. Inactivation of this enzyme by 2-(phosphonomethyl)-pentanedioic acid or inhibition of N-methyl-D-aspartate (NMDA) receptors by MK801 reduced the glial hyperpolarization activated by high-frequency stimulation. These results indicate that axon-to-glia signaling is terminated by NAAG hydrolysis and that the glutamate formed contributes to the glial electrical response in part via activation of NMDA receptors. Both NAAG release and an increase in glutamate carboxypeptidase II activity appear to be induced by nerve stimulation.